Background. Once-daily glecaprevir coformulated with pibrentasvir (glecaprevir/pibrentasvir) demonstrated high rates of sustained virologic response 12 weeks after treatment (SVR12) in patients with hepatitis C virus (HCV) genotype 1-6 infection. This phase 3 study evaluated the efficacy and safety of glecaprevir/pibrentasvir in patients with chronic HCV genotype 1-6 and human immunodeficiency virus type 1 (HIV-1) coinfection, including patients with compensated cirrhosis.
treatment durations, an approved pangenotypic, 8-week regimen is desirable and would require fewer medical resources, allowing for the treatment of more patients [10] .
Glecaprevir is a nonstructural (NS) protein 3/4A protease inhibitor identified by AbbVie and Enanta that has been coformulated with pibrentasvir, an NS5A inhibitor. Together, these pangenotypic DAAs demonstrate a high barrier to resistance and potent anti-HCV activity in vitro, with half maximal effective concentration (EC 50 ) of glecaprevir and pibrentasvir ranging 0.85-4.6 nanomolar and 1-5 picomolar across HCV genotypes 1-6, respectively [11, 12] . Glecaprevir/pibrentasvir is minimally metabolized in the liver, has negligible renal excretion, is primarily excreted in the bile, and has a favorable DDI profile with most commonly administered concomitant medications, including proton pump inhibitors (PPIs) and opiate substitution therapies [13, 14] . In healthy participants, no clinically significant drug-drug interactions were demonstrated between glecaprevir/pibrentasvir and commonly used antiretroviral agents, including raltegravir, rilpivirine, elvitegravir/ cobicistat/emtricitabine/tenofovir alafenamide, and abacavir/ dolutegravir/lamivudine [15, 16] .
In recent phase 2 and 3 studies, 8-week treatment with oncedaily, ribavirin-free glecaprevir/pibrentasvir yielded sustained virologic response 12 weeks after treatment (SVR12; HCV RNA less than lower limit of quantification) rates of 93%-100% in patients with HCV genotype 1-6 infection without cirrhosis, including a 100% SVR12 rate in 15 HCV genotype 1-infected patients coinfected with HIV-1 [17, 18] ; 12-week treatment in HCV genotype 1-6-infected patients with cirrhosis yielded an SVR12 rate of 99% [19] . EXPEDITION-2 was the first study dedicated to evaluate the safety and efficacy of an 8-week treatment duration of glecaprevir/pibrentasvir in an entirely HIV-1-coinfected population of patients with HCV genotype 1-6 infection without cirrhosis; 12-week treatment was also evaluated in coinfected patients with compensated cirrhosis. The results from this study support the recent approval of glecaprevir/pibrentasvir for patients with chronic HCV genotype 1-6 infection, including those with HIV-1 coinfection [14] .
METHODS

Study Design
EXPEDITION-2 was a nonrandomized, open-label, phase 3, multicenter study conducted at 36 sites in Australia, Belarus, France, Germany, Poland, Puerto Rico, Russia, the United Kingdom, and the United States. The efficacy and safety of 8-week or 12-week treatment with glecaprevir/pibrentasvir in HCV/HIV-1-coinfected patients without or with compensated cirrhosis, respectively, were evaluated. The study was conducted according to Good Clinical Practice guidelines, the Declaration of Helsinki, and all applicable regulations, with independent ethics committee or institutional review board approval for all study sites.
Patients
Patients aged ≥18 years and with a body mass index ≥18 kg/m 2 were eligible if they had chronic infection with HIV-1 (positive for anti-HIV antibody) and HCV (any genotype 1-6, with HCV RNA at least 1000 IU/mL). Patients with genotype 3 infection could not have received previous treatment for HCV; all other patients could be either HCV treatment-naive or experienced with interferon, pegylated interferon with or without ribavirin, or sofosbuvir plus ribavirin with or without pegylated interferon. Compensated cirrhosis status was defined by liver biopsy, transient elastography (≥12.5 kPa), or serum biomarkers (FibroTest ≥0.75 and aspartate aminotransferase to platelet ratio index >2). Absence of cirrhosis was defined as a transient elastography score <12. 5 NS5A relative to the patient's baseline sequence were analyzed. Compliance was measured by pill count. Adverse event monitoring, vital sign measurements, physical examination, and laboratory tests were performed throughout the study to assess safety and tolerability; analyses were performed on the intentto-treat population.
Statistical Analysis and Outcomes
The primary efficacy endpoint was the proportion of total patients with sustained virologic response (HCV RNA <15 IU/mL) 12 weeks after last day of treatment (SVR12) and was assessed using the COBAS AmpliPrep/COBAS TaqMan HCV Quantitative Test, v2.0 (Roche Molecular Diagnostics, Pleasanton, CA). The secondary endpoints were the proportion of patients with on-treatment virologic failure and post-treatment relapse. Additional efficacy analyses were conducted to determine whether HCV genotype, fibrosis stage, a history of injection drug use, or concomitant opiate substitution therapy affected SVR12 rates in noncirrhotic patients receiving 8 weeks of treatment. All analyses were prespecified and conducted in the intent-to-treat population, which included all patients who received at least 1 dose of study drug.
The study had a planned enrollment of 160 patients, with no more than 110 with genotype 1 infection. All statistical tests and confidence intervals (CIs) were 2-sided with a significance level of .05. Confidence intervals for the primary and secondary endpoints were calculated using the normal approximation to the binomial distribution; Wilson's method was used to calculate confidence intervals for the subgroup analyses and whenever a rate of 100% occurred. Noninferiority to a historical 96% SVR12 rate (sofosbuvir plus ledipasvir or grazoprevir plus elbasvir) [20, 21] was calculated using a 6% noninferiority margin and achieved if the lower confidence bound of the 95% confidence interval for the SVR12 rate was greater than 90%. Statistical summaries were performed using SAS software, version 9.3. This study is registered with www.ClinicalTrials.gov (NCT02738138).
RESULTS
Patients were screened between 17 May 2016 and 12 September 2016, and 153 were enrolled (Figure 1) . The majority of patients were male, white, and HCV treatment-naive. Although patients with genotype 5 infection were eligible, none were enrolled. The most common ART anchor agent was dolutegravir. Of the 2 HCV targets, polymorphisms in NS5A (29% in the 8-week arm and 38% in the 12-week arm) were more frequent than those in NS3 (2% in the 8-week arm and 6% in the 12-week arm). One patient had polymorphisms in both targets (Table 1 ). c The following subtypes were reported: GT2a, GT2b, GT2c, GT3a, GT4a, GT4d, GT6e, GT6n, GT6xa.
d HCV RNA was quantified by Roche COBAS AmpliPrep/TaqMan v2.0.
e n = 130 and is representative of the number of samples with sequences available for both targets.
f Darunavir (DRV) + ritonavir (r) QD, DRV/cobicistat (COBI) QD, and lopinavir/r BID were also allowed for patients without cirrhosis.
g No patients were enrolled who were taking DRV/r, DRV/COBI, or lopinavir/r as anchor ARV.
Of the 153 patients treated with glecaprevir/pibrentasvir, 150 achieved SVR12 (98%; 95% CI, 95.8%-100%) (Figure 2 ). Noninferiority to the historical standard-of-care was achieved. Ninety-five percent of patients had HCV RNA <lower limit of quantification (LLOQ) by week 4 of treatment (Supplementary  Table 2 .) One HCV treatment-naive patient with genotype 3 infection and compensated cirrhosis (12-week treatment arm) had on-treatment virologic breakthrough at treatment week 8. At the time of failure, this patient had treatment-emergent substitutions Y56H and Q168R in NS3 and S24F and M28K in NS5A; the patient was 85% compliant with treatment. One patient was missing SVR12 data and thus did not achieve SVR12; however, this patient had achieved SVR4 and still had HCV RNA <LLOQ upon return 24 weeks after treatment (SVR24). The third patient who did not achieve SVR12 discontinued treatment on day 25 due to a serious adverse event; this patient is discussed in more detail below. Excluding the patient missing SVR12 data (who achieved SVR24) and the patient who prematurely discontinued treatment, the SVR12 rate was 100% (n = 136/136; 95% CI, 97.3%-100%) in patients without cirrhosis treated for 8 weeks and 93% (n = 14/15; 95% CI, 70.2%-98.8%) in patients with compensated cirrhosis treated for 12 weeks. There were no relapses. In all patients, baseline characteristics such as baseline HCV viral load, presence of baseline NS3 or NS5A polymorphisms, fibrosis score, and ART regimen had no impact on achievement of SVR12 (Supplementary Table 3 ).
The safety profile of glecaprevir/pibrentasvir was generally similar in all patients regardless of treatment duration ( Table 2 ). The majority of adverse events were mild in severity. The most common adverse events were fatigue and nausea. Four patients experienced serious adverse events, none of which were related to the study drug. One genotype 2-infected patient with cirrhosis experienced serious adverse events unrelated to glecaprevir/ pibrentasvir of cerebrovascular accident and cerebral hemorrhage on day 23 that led to discontinuation 2 days later; the patient did not achieve SVR12. The remaining 3 serious adverse events occurred in 1 patient each, all without cirrhosis, and were all unrelated to glecaprevir/pibrentasvir: upper gastrointestinal hemorrhage on treatment day 25, obliterating arteriopathy on post-treatment day 28, and urolithiasis on post-treatment day 15. All 3 patients achieved SVR12. One patient in the 8-week treatment arm had a grade 3 total bilirubin elevation on day 10 that continued through day 31; both direct and indirect bilirubin values were elevated, but levels normalized by day 59 without treatment interruption. There were no treatment-emergent grade 3 or higher transaminase elevations. There were no clinically meaningful decreases in renal function (estimated GFR) during the course of treatment, regardless of ARV regimen (Supplementary Table 4 ). All patients taking ART maintained HIV-1 suppression while on glecaprevir/pibrentasvir treatment. SVR12 rate of 99%, with no virologic failures. The safety profile of glecaprevir/pibrentasvir was similarly favorable for patients without cirrhosis treated for 8 weeks and patients with compensated cirrhosis treated for 12 weeks; serious adverse events, clinically significant laboratory abnormalities, and treatment discontinuations were rare in both treatment arms. The low rate of virologic failure suggests that achievement of SVR12 was not impacted by high baseline viral load, presence of baseline polymorphisms, cirrhosis status, or any other baseline factor. In the ION-4 study conducted exclusively in patients with HCV/ HIV-1 coinfection, a 12-week treatment duration with ledipasvir/sofosbuvir resulted in an SVR12 rate of 96% with 2 virologic breakthroughs and 10 relapses; all 10 patients who relapsed were black, and black race (n = 115; 34% enrolled) was the only significant predictor of relapse [22] . Although a comparatively small number of black coinfected patients enrolled in our study (n = 25; 16%), it is encouraging that all achieved SVR12 with no incidence of relapse, even with a shorter duration of treatment.
A short-duration, pangenotypic HCV treatment may be an important part of the World Health Organization goal of global HCV elimination by 2030 [23] . Until recently, 8-week treatment durations for other regimens were limited. The ION-3 study, conducted in noncirrhotic, HCV genotype 1-monoinfected, treatment-naive patients with a baseline viral load <6 million IU/ mL, yielded an SVR12 rate of 94% following 8 weeks of sofosbuvir/ledipasvir [24] . Although recent real-world data have shown that 27 of 28 (96%) coinfected patients achieved SVR12 when treated for 8 weeks with sofosbuvir/ledipasvir [25] , the 8-week duration is not recommended by US guidelines in coinfected patients [9] . More recently, the 3-DAA regimen sofosbuvir/ velpatasvir/voxilaprevir was approved in Europe for 8 weeks in treatment-naive, noncirrhotic patients with HCV genotype 1-6 infection, although this regimen did not meet the primary endpoint (noninferiority to 12 wk of sofosbuvir/velpatasvir) [26, 27] . Indeed, US label guidelines indicate that sofosbuvir/velpatasvir/ voxilaprevir be administered for 12 weeks in patients with HCV genotype 1-6 infection and only in those who failed prior therapy with an NS5A DAA [28] . Here, 8-week glecaprevir/pibrentasvir yielded an SVR12 rate of 99% with no virologic failures in 137 HIV-1-infected patients with HCV genotype 1, 2, 3, 4, or 6 coinfection, regardless of baseline factors, including HCV load or prior treatment experience with sofosbuvir and/or interferon.
Twelve weeks of glecaprevir/pibrentasvir treatment is the only pangenotypic HCV regimen recommended by both the American Association for the Study of Liver Diseases and the European Association of the Liver treatment guidelines for HCV treatment-naive coinfected patients with compensated cirrhosis [8, 9] . In the C-EDGE study, 12-week elbasvir plus grazoprevir yielded an SVR12 rate of 96% in 218 coinfected patients, including 100% SVR12 in 35 patients with cirrhosis [20] . In the US study ASTRAL-5, conducted in 106 patients coinfected with HCV/HIV-1, including 19 patients with cirrhosis, 12-week sofosbuvir/velpatasvir yielded an SVR12 rate of 95%, with 2 relapses [29] . Here, there were no relapses in 16 coinfected patients with cirrhosis following 12-week treatment with glecaprevir/pibrentasvir; 1 HCV treatment-naive patient with genotype 3 infection and cirrhosis experienced breakthrough.
The favorable safety and DDI profile of glecaprevir/pibrentasvir observed in this study is consistent with that observed in >2000 patients treated with glecaprevir/pibrentasvir [18, 30] , suggesting that the regimen can be administered with minimal on-treatment monitoring. Although some regimens containing HCV protease inhibitors have been associated with gastrointestinal adverse events [31] [32] [33] , glecaprevir/pibrentasvir was well-tolerated: <10% of patients experienced nausea, and <5% of patients experienced diarrhea. Glecaprevir/pibrentasvir had a favorable DDI profile with ARVs that included integrase inhibitors, nucleoside reverse transcriptase inhibitors, and the nonnucleoside reserve transcriptase inhibitor rilpivirine. Use of tenofovir disoproxil fumarate has been associated with onset or worsening of renal impairment and may be exacerbated by coadministration with certain concomitant medications such as HIV-1 protease inhibitors [34, 35] . Here, 87 (57%) patients were taking tenofovir disoproxil fumarate as their nucleoside/ nucleotide reverse transcriptase inhibitor, and no patient experienced worsening of renal function. Exposures of glecaprevir/pibrentasvir may be increased by coadministration with ritonavir-or cobicistat-containing regimens; however, exposure-safety analysis of phase 1-3 available data at the time of study initiation indicated that the regimens allowed in this study were not expected to impact the safety profile for glecaprevir/ pibrentasvir [15, 16] . Due to the timing of a protocol amendment allowing these additional anchor agents, no patients on darunavir-or lopinavir-containing ART regimens and only 1 patient on elvitegravir/cobicistat enrolled. Similar to other DAA-containing HCV therapies, coadministration of glecaprevir/pibrentasvir with ARV regimens that induce P-glycoprotein and cytochrome P450 (such as efavirenz) was not permitted in this study and should be avoided [8, 36] .
One limitation of this study is that a small number of patients with genotype 6 infection and no patients with genotype 5 infection were enrolled, despite eligibility criteria allowing for enrollment of all 6 major HCV genotypes. Patients with HCV genotype 5 and 6 are generally difficult to recruit due to their low global prevalence rates of 0.8% and 5%, respectively [37, 38] . A second limitation is the low number of patients with compensated cirrhosis that were enrolled; however, recent reports suggest these proportions are consistent with current HCV/HIV epidemiology, as HCV treatment among coinfected individuals has become more widely adopted [39] . Lastly, the study design did not include randomization by treatment duration. However, HCV genotype 1 patients coinfected with HIV-1 were randomized to 8-versus 12-week treatment durations in the ENDURANCE-1 study [17] .
Treatment with all-oral, once-daily glecaprevir/pibrentasvir yielded high SVR12 rates in HCV/HIV-1-coinfected patients that were similarly high to those reported in patients with HCV monoinfection; treatment discontinuations and grade 3 laboratory abnormalities occurred in <1% of all patients. The low rate of virologic failure (n = 1/153; <1%) indicates that treatment outcome was not impacted by baseline patient or viral characteristics, and there were no virologic failures in the 137 noncirrhotic patients treated for 8 weeks. These results support the indication of glecaprevir/pibrentasvir as the first 8-week pangenotypic treatment option for HCV/HIV-1-coinfected patients without cirrhosis.
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